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ISSN: 2348 -8379 www.internationaljournalssrg.org Page 2 control was not treated. In another research [8] , the authors used impedance matched for the teleoperation system, the results are more improved than the method that proposed in [5] , however, the time delay is still constant and the feedback force from Slave is not achieved with the force of operator at the Master side. Basing on the analysing of the previous methods and objects, in this paper, we proposed a control law by combining PD control and virtual damping to improve the stability of contact force when slave system contacts with the environment. The time delay in the communication channel is variable. This paper used Lyapunov method to prove the stability of the SMMS system. The simulation results by MATLAB of the proposed control law are shown in this paper. These results indicated the advantages and demonstrate the effectiveness of the method.
Fig 1: Single Master and Multiple Slaves system (SMMS) II. PROBLEM FORMULATIONS

A. Dynamics of Teleoperation system
In this paper, we consider a pair of robotic systems coupled via communication lines with time-varying delays. Assuming the absence of friction, other disturbances, and gravity term, the equations of a master robot and n slave robot can be described as follow: 
where:
x is end-effector of each slave robot in Cartesian coordinate system of multiple slaves. Let us denote the total degree of freedom of the N slave robots
n , hence the group dynamics of the N slave robots can be rewritten as
are the inertia matrices and Coriolis matrices, respectively. In this system, the signals are transferred between both sides of master and slave. Communication delay is assumed as follows: In the paper, the remote environment is assumed to be a simple spring-damper system with a constant parameter. This system us as a perturbed system described by the equation below in the form of inputto-state stability properties: 
is the perturbation term.
The environment satisfies the following assumptions:
The cooperative-slave contacts with following spring-damper environment with constant parameter
holds for all 0 t  , ,0 ab are constant parameters. 
B. Control objectives
The SMMS system in this paper is showed in Fig.  1 with a master robot and two slave robots. The cooperative slave robot is similar to dual-arm robot. The object is grasped to transport to a specified place according to the instruction values of a controller from the operator in the task space.
Control object 1: (Autonomous Grasping by Multiple slave robots), in this paper, the achievement of grasping: "a relative position of the end-effectors of the slave robots is shaped in a certain specified form" means that the following condition is accomplished:   is a positive scalar and it expressed a force scaling factor.
III. CONTROL DESIGN
In this section, we propose a control law for the SMSS system to achieve the above control object in control objectives.
A. Passive-Decomposition
The First, based on the passive-decomposition [9] , the dynamics of multiple slave robots is decomposed into a decoupled system: the shape-system describing "movement of the multiple slaves with grasping object" and the locked-system describing "movement of the multiple slaves according to the instruction from master". Utilizing the passive-decomposition, the velocity of multiple slave robots is rewritten with each system as:
where S x and L x are velocities of the shape-system and lock-system, respectively. S is the decomposition matrix. The matrix S is also a positive matrix of a decoupling shape and lock system. In the following formula of 1 
T S MS
 , the non-diagonal term are removed as: , SL MMare inertia matrices of the shapesystem and lock-system, respectively. In the face that, S x and L x are defined for satisfying (7) . In addition, a local compensation of impedance shaping is necessary. The reflection forces from environment relate and the locked-system as follows: 
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where 12 , FFare forces in each end-effector of slave robot that exert on grasping object. From above definitions, we define:
The passive-decomposition form with the affection of disturbances is written as: Cx. However, ignore the remote control by the human, decoupling of the Shape-system and the Locked-system is desired for the slave that maybe autonomous grasping. Therefore, the decoupling control inputs are given as follows:
where '' , SL are new control inputs. Substituting (17) into (16), we get:
hence, two above dynamics become a decoupling. Some properties of this SMMS system are given as follows: 
B. Disturbance estimation on the Locked-system
The dynamics of the Locked-system were described in (16). We have to estimate
Cx, then using the estimated results for control purpose to make the system having the ability of adaptively antidisturbance. Fig 2 presents the structure diagram of the disturbance estimator on the Locked-system including two main blocks: The model of the Lockedsystem (MHRS) and the disturbance processing block of the Locked-system (XLNS). The dynamics of the block MHRS is presented as the following equations:
,,are state variables of the Slave robot model MHRS. Let two sides of equation (20) subtract to the corresponding sides of equation (16), regarding to (21), we obtain: 
Substituting (25) In the Locked-system, note the control objectives 2 and 3, the cooperative control law is defined as follow:
where  is force scaling factor. (t), (t) ms TT are assumed to be time-varying delays. Similar to the exerted and contact forces, the following signals
are available for the controller on both sides of Telerobot. We define:
Substituting (27), (30), (31) into Lock-system in (18) and (3), we obtain a closed-loop system as follow:
where , , ,
are gains and defined
K are positive definite diagonal control gain matrices. ,0 mL kk are constant gains. 
B. Stability of Lock-system
This section deals with the stability of the overall tele-robot system that includes the master and the cooperative slave subsystems of Locked-system. Proof. First, consider an ISS-Lyapunov function candidate as follows: Proof. First, consider an ISS-Lyapunov function candidate as follows: 
The derivative of L V along the trajectories of the system (27) with concerning Property 2 as follows: 
, we have: conclude that the slave and environment systems are also locally input -to-state stable. So, we can conclude this Tele-robot system is input-to-state stable.
V. THE SIMULATION RESULT
In the simulation, the SMMS system is constructed by a master with two DOFs parallel link type arm and two slaves with two DOFs series link type arms. The model and parameters of a mini master robot and slave robot is taken in [11] , [12] . The simulation results obtained by using MATLAB Simulink software.
Time delay of communication system assumed to be as follows: In the free space case, the Locked-system does not contact with the environment, so the force data from Locked-system is zero (Fig 7) . In the contact task case, the Locked-system contacts with the environment a 0.23(m) y  . In this case, the Lockedsystem cannot go to the position where master robot requires (Fig 8 -Y position) and the human can feel the force from Locked-system contacts with the environment (Fig 9 -Y force) . We can see that the reflecting force from the environment and the scaling force of the human are same values. 
VI. CONCLUSION
In this paper, we proposed a new control law for a SMMS Tele-robot system based on ISS small gain theorem. This proposal resolves the dynamics of multiple slaves robot such as the Shape-system dynamics and the Locked-system dynamic of the control law. The simulation results have shown the effectiveness of the given method. In the next study, a number of slave robot need to be developed more than two and setup for experiment.
